A fan cloud is a set of triangles that can be used to visualize and work with point clouds. It is fast to compute and can replace a triangular mesh representation: We discuss visualization, multiresolution reduction, refinement, and selective refinement. Algorithms for triangular meshes can also be applied to fan clouds. They become even simpler, because fans are not interrelated. This localness of fan clouds is one of their main advantages. No remeshing is necessary for local or adaptive refinement and reduction.
Introduction
The real-time rendering of complex three-dimensional scenes is a challenging problem in computer graphics. Multiresolution methods can be used to reduce the complexity of a scene by adapting the level of detail to the viewing parameters.
In this paper, we present multiresolution methods for point clouds or, more precisely, for fan clouds. Fan clouds are sets of local triangulations and obviate a more costly triangular mesh generation. In Section 3, we present their construction. The visualization of fan clouds is straight-forward.
Contrary to the point cloud rendering techniques in [1, 29, 40, 44, 47] , fan clouds provide a surface representation that can also be used for surface modeling and other processing operations. Thus, for most purposes, fan clouds can substitute triangular mesh representations. However, if required, triangular meshes can be generated quickly from fan clouds as discussed in Section 4.
In Section 5, we define an entropy or importance measurement for the points of a point cloud and use it for data reduction. The entropy of a point depends on its surrounding fan and is also defined for triangular meshes. Each reduction step leads to a coarser level of detail and we get a hierarchical sequence of fan cloud representations.
In Section 6, we go into multiresolution for modeling purposes, where detail is stored in a local frame. In Section 7, we discuss refinement for fan clouds beyond the given resolution.
Furthermore, we look at selective refinement of fan clouds for static (Section 8) as well as dynamic scenes, where the shape of the objects may change due to modeling, animation or simulation processes (Section 6). In particular, we apply selective refinement to terrain rendering in Section 8. In contrast to triangular meshes, fan clouds allow for adaptive refinement without any topological restrictions and dependencies.
Since fan clouds are local triangulations, all the introduced fan cloud processing algorithms can be run in parallel as well as by using out-of-core techniques when dealing with large-scale objects.
Related Work
Wavelets for multiresolution methods in computer graphics are discussed in detail by Stollnitz et al. in [45] Mesh reduction is often based on the deviation of the reduced mesh from the original one. Such a reduction approach is common, e. g., in terrain rendering (cf. [14, 16, 20, 27, 33, 38, 43, 46] ). In addition, one can take into account topological aspects [24], edge lengths [24] , curvatures [22, 30] , normals and colors [8], or textures [10] . In all these approaches, some energy is defined and minimized. This results in reduced meshes with high fairness.
Selective refinement is commonly based either on constrained or arbitrary mesh connectivity. Constrained mesh connectivity comes with regular height fields, in general. Duchaineau et al. [16] and Lindstrom et al. [33] use binary tree hierarchies of subdivided right-angled isosceles triangles. Gross et al. [20], Pajarola [38], and Röttger et al. [43] prefer quadtree hierarchies and subdivide a rectangle into four equal rectangles. For the visualization, each rectangle is split into two triangles.
All these approaches suffer from the same problem shown in Figure 1 for quadtrees. Not all refinement steps lead to a valid mesh. In the figure, cracks appear in the surface due to the different refinement levels of adjacent quadtree blocks. Gross et al. [20] This constrained mesh connectivity requires more triangles for a given accuracy than arbitrary meshes (cf. [14, 25, 26, 27, 46] ). De Floriani et al. [14] use a multi-triangulation for a multiresolution representation of surfaces. They
